Abstract: We collected data on all residents of San Diego County, California who were hospitalized for or died from a brain injury in 1981. The objectives were to assess the frequency of blood alcohol concentration (BAC) testing and the associations of BAC prevalence with the external cause of the brain injury and case outcome. We found that high BAC levels were most frequent among brain-injured subjects between the ages of 25 and 44 and among those subjects involved in motor vehicle crashes and assaults. Contrary to
Introduction
The scientific literature on alcohol and motor vehicle crashes points to high risk ofcrash involvement when alcohol is consumed.' However, less information is available on many questions about alcohol use and injuries. For ofintubation), and it was assumed to be unimpaired ifeye and motor response were unimpaired. For a very small number (less than 1 per cent) of severely injured patients for whom the GCS was not assessable, the medical chart was examined thoroughly and all relevant clinical information was used to judge brain-injury severity. The GCS used for these analyses was measured upon arrival at the emergency room.
Patients admitted with a GCS of 8 or lower were defined as severe cases; those with a GCS of9 or greater were defined as moderate if they had a hospital stay of at least 48 hours and either a GCS below 13, an abnormal computerized axial tomography (CAT) scan, or brain surgery. All other cases were termed mild. These categories and criteria are consistent with those suggested by Jennett and Teasdale29 and Levin, et al.30 Overall injury severity was defined using the 1980 revision of the Abbreviated Injury Scale (AIS) which assigns a severity level from 1 to 6 to each injury.3' The Injury Severity Score (ISS) assigns an overall measure of injury severity based on AIS scores.32 '33 Injuries are assigned to six body regions (face, head and neck, chest, abdomen, extremities, and general), and the ISS is calculated as the sum of the squares of the highest AIS values for three separate regions. A patient's ISS is a good measure of the risk of death from injuries, and this predictive power is improved by ageadjustment.32 '33 Rates of neurological limitations were derived for all moderately or severely brain-injured persons admitted to a hospital. These rates were adjusted for age, gender, and injury severity at the time of emergency room treatment. Neurological limitations included only physician-diagnosed deficits or limitations at the time of hospital discharge.
Persons under the age of 15 have been excluded from the analysis because they were not generally tested for blood alcohol by either hospitals or coroners in 1981.
Blood alcohol samples were generally obtained while the person was in the emergency room, and results were abstracted from the hospital record or the coroner's report and were not based on police reports. Most hospitals and coroners used a gas chromatographic method to determine blood alcohol concentration. 33 per cent from falls, and 22 per cent for all other external causes combined. Since the comparison of these BAC testing rates may be confounded by age, gender, and severity of brain injury, the external cause-specific rates were adjusted (by the direct method) for these factors. As shown in Figure  1 , the differences in BAC testing rates among injury types (defined by external cause) were reduced substantially after adjustment, especially for firearm injuries.
BAC testing rates were highest for brain-injured pedestrians and lowest for bicyclists struck by a motor vehicle (Table 1 ). BAC testing rates were higher for drivers than for passengers, and the rates increased with severity of brain injury for all road-user categories. These BAC testing rates did not change appreciably when adjusted for age and gender. Higher proportions of mildly brain-injured persons who were tested had positive BAC tests, compared with those with moderate or severe brain injuries or those who were DOA at the emergency room or taken directly to the coroner's office (Table 3) .
The proportions with a positive blood-alcohol result varied by external cause of the injury. Two-thirds of those tested who were brain-injured from motor vehicle-related causes had a positive BAC; lower prevalences were observed for assaults (60 per cent), falls (44 per cent), firearms (35 per cent), and all other causes (42 per cent). These differences may be confounded by severity of injury and age (Tables 1  and 2 ); hence, the overall proportion with a positive BAC and the proportions at each BAC level were adjusted for these The effects of five factors on brain-injury severity (moderate or severe versus mild) are presented in Table 5 . Results of multiple logistic regression show that the probability of sustaining a moderate or severe injury is positively associated with firearm injuries and age and inversely related to bloodalcohol level. This latter finding is consistent with the results of the crude (unadjusted) analyses shown in Tables 3 and 4 . Although this inverse association with BAC level is in the direction opposite to that which one might expect, this finding may have resulted from differential rates of BAC testing by injury severity. It is conceivable, for example, that persons having a mild brain injury might not be tested for blood alcohol unless there was obvious intoxication while most persons with more severe injuries get routinely tested, regardless of actual BAC level. This explanation of selection bias is consistent with our data, which showed that while only 30 per cent of mild brain-injured persons were tested, 70 per cent of these persons had a positive BAC; yet, of the 74 per cent of moderate or severe injuries that were tested, only 45 per cent of these had a positive BAC. Thus, the apparent protective effect of alcohol seen in Table 5 (risk odds ratio of 0.6) could be the result ofdifferential testing rates by severity.
The potential impact of differential BAC testing by severity is illustrated by the hypothetical data in Table 6 . As shown in the upper panel, we have assumed that while there is no association between actual BAC level and BAC testing among all persons with moderate and severe injuries in the total source population (OR = 1.00), there is a positive association among persons with mild injuries (OR = 4.51). Using only the data for BAC-tested persons, as shown in the lower-left panel, we find that a positive BAC appears to protect against a more severe injury (OR = 0.35), which is the crude result actually obtained in this study. Using the hypothetical data for all persons in the source population, however, we see in the lower-right panel that there is no association between BAC level and injury severity (OR = 1.00). Thus, the inverse association observed in this study can be explained by selection bias caused by differential rates of BAC testing. Although the illustration in Table 6 is based on certain hypothetical data, we believe the underlying assumptions about BAC testing are quite plausible. Table 7 . While the effects of injury severity and age are positive, as expected, the apparent protective effect of a higher BAC level on case fatality is similar to its effect on injury severity (Table 5) . Thus, as with the previous finding, the observed effect of BAC level on case fatality might have been biased by differential rates of BAC testing (Table 6 ).
In Table 8 , the adjusted BAC effect on hospital mortality is compared for various restrictions of the study population according to injury severity. Note that the apparent effect Physician-diagnosed neurological impairments were recorded for all brain-injured patients admitted to a hospital with moderate or severe injuries and discharged alive from an acute care hospital. Rates of neurological limitations were higher among those patients with positive BAC levels (46 per cent) than for patients with negative BAC levels (32 per cent).
The difference in rates was 14 per cent (95% CI = 2, 26). As shown in Figure 4 , however, the elevated risk of neurological impairment (adjusted for age, gender, and severity) seems to be restricted to persons with a BAC level of 100 mg% (21.71 mmolIL) or greater. 
Discussion
Findings from this study show that over one-half of all brain-injured persons who are seen in a hospital emergency room are BAC-tested; but until BAC testing for all hospitaltreated injured persons is instituted, unbiased estimates of actual BAC frequency and its effects among brain-injured persons will not be possible.
We found that the rate of blood alcohol testing among brain-injured persons in San Diego County is related to type and severity of the injury. Thus, the inverse association observed between BAC level and injury outcome (severity and mortality) is very likely biased due to differential rates of BAC testing, especially among persons with less severe injuries (Table 6 ). Indeed, the adjusted estimate of the BAC It was not possible with the information available to identify chronic alcoholics from occasional drinkers among the brain-injured cohort. Herve, et al, 20 reported recently on injury mortality and blood alcohol levels in France. Their data seem to suggest that chronic alcoholics had a higher mortality rate than did non-alcoholics, occasional drinkers, or non-drinkers, controlling for age and overall injury severity level. The possible interaction oflong-term, heavy alcohol use and the acute intoxication at the time of an injury has not yet been investigated.
